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Description 

[0001] This invention relates to methods of manufac- 
turing an electronic device having on an insulating sub- 
strate a plurality of thin-film circuit elements including a 
group of thin-film connection tracks. The invention re- 
lates particularly to protecting the circuit elements 
against a damaging electrostatic discharge (ESD). The 
invention also relates to electronic devices manufac- 
tured by such methods, and to electronic devices having 
such protection means. The device may be, for exam- 
ple, an active-matrix liquid-crystal display or other flat 
panel display, or any other type of large area electronic 
device with thin-film circuit elements, for example, a 
thin-film data store or an image sensor. 
[0002] It is known to protect both thin-film circuits and 
monolithic integrated circuits against damage by elec- 
trostatic discharge (ESD) during, for example, ion im- 
plantation and/or other manufacturing processes and/or 
handling. Thus, for example, United States patent spec- 
ification US-A-4,B75,130 discloses a bipolar transistor 
structure for ESD protection of input circuitry of an inte- 
grated circuit. The bipolar transistor (which in one em- 
bodiment is constructed as a fuse device) has a reduced 
beta and is connected in series with one or more diodes 
between the input pin and Vcc of the integrated circuit. 
Published European patent applications EP-A-0 589 
519 and EP-A-0 601 652 and published Japanese Pat- 
ent Application Kokai JP-A-05-181157 disclose various 
ESD protection structures in thin-film circuit devices. 
[0003] EP-A-0 601 652 discloses a discharge path 
having a series of discharge gaps along its length which 
separate successive thin-film regions of the path and so 
provide electrical isolation for normal operation of the 
device. EP-A-0 589 51 9 discloses a thin-film fuse, which 
is described in more detail hereinafter. Further reference 
is also made hereinafter to EP-A-0 601 652. 
[0004] It is known from JP-A-05-181157 to protect 
against ESD by forming a group of thin-film transistors 
on the insulating substrate together with the thin-film cir- 
cuit elements. Each of the transistors has a channel re- 
gion which provides a gateable link to a respective thin- 
film track of the group of tracks for connecting that thin- 
film track in a charge leakage path. This leakage path 
serves for protecting the circuit elements against a dam- 
aging electrostatic discharge (ESD) during a stage in the 
manufacture of the device. The group of transistors 
have a common gate line for applying a gate bias volt- 
age for controlling current flow through the channel re- 
gions of the transistors. 

[0005] Depletion-mode thin-film field-effect transis- 
tors (TFTs) are used to form the gateable links in the 
liquid-crystal display device disclosed in JP-A- 
05-1 81 1 57. These transistors are formed between a pe- 
ripheral short-circuit ring and the ends of scan lines and 
signal lines of the device. When no voltage is applied to 
the common gate line, these depletion-mode transistors 
are in a conducting state and so permit leakage of elec- 
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trostatic charge between the scan and signal lines and 
the short-circuit ring. When a negative voltage is applied 
to the common gate line, these depletion-mode transis- 
tors haying an n+ channel are switched into a high re- 

s sistance state, so isolating the scan and signal lines 
from the short-circuit ring. In this isolated condition, test 
signals can be applied to the thin-film conductor lines 
for testing the thin-film circuit. When the manufacture is 
complete, the short-circuit ring can be removed by, for 

10 example, scribing adjacent to the periphery of the device 
substrate. 

[0006] It is an aim of the present invention to provide 
ESD protection using an electrostatic charge leakage 
path with gateable links, while avoiding the need to re- 

15 move part of the path (for example, a short-circuit ring) 
by scribing or by any similar operation. 
[0007] According to claim 1 of the present invention 
there is provided a method of manufacturing an elec- 
tronic device having on an insulating substrate a plural- 

20 jty of thin-film circuit elements including a group of thin- 
film connection tracks, which method includes forming 
a group of thin-film transistors on the substrate in such 
an arrangement with the thin-film circuit elements that 
a channel region of a respective transistor provides a 

25 gateable link to a respective thin-film track of the group 
of tracks for connecting that thin-film track in a charge 
leakage path, which leakage path serves for protecting 
the circuit elements against a damaging electrostatic 
discharge, the group of transistors being provided with 

30 a common gate line for applying a gate bias voltage to 
control current flow through the channel regions of the 
transistors. In accordance with the present invention, 
such a method is characterised in that the gateable links 
in the leakage path to all the thin-film tracks of the group 

as are broken simultaneously by applying a sufficiently 
high gate bias to the common gate line to break the links 
by evaporating at least the channel regions of the tran- 
sistors, after the leakage path has served for electro- 
static discharge protection. 

40 [0008] Thus, after providing ESD protection, all the 
gateable links of the group are removed simultaneously 
in a simple manner by the application of a high gate bias 
to their common gate line. The links may be blown elec- 
trically like a fuse, the current flow being between their 

45 individual channel regions and their common gate line. 
A permanent open-circuit break can thus be formed in 
the channel region of each transistor link. 
[0009] In this context, it should be noted that the 
present inventor has previously proposed using thin-film 

50 links of, for example, aluminium or a metal silicide to 
provide ESD protection between thin-film tracks, and 
then blowing these thin-film links (like a fuse) to break 
the ESD protection path. This fusible link technology is 
described in EP-A-0 589 519, the whole contents of 

55 which are hereby incorporated as reference material. In 
this case, the links are blown by applying individual puls- 
es sequentially between successive pairs of tracks. 
Thus, all the links cannot be evaporated simultaneously. 
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Furthermore, the links are not gateable, and so a tem- 
porary circuit isolation of the tracks is not achievable. 
Thus, the device circuit of EP-A-0 589 519 cannot be 
tested before individually blowing each pair of links. 
[0010] The links in accordance with the present inven- 
tion are both blowable and gateable, using different bias 
voltage levels ontheircommon gate line. With a low gate 
bias, temporary circuit isolation is achievable to permit 
testing of the device circuit. When a sufficiently high gate 
bias is applied to the common gate line, the transistor 
structure breaks down and a sufficiently large current 
may pass between the gate line and the channel regions 
of these transistors as to evaporate and break these 
gateable links by Joule heating. For breakdown, the 
thin-film structure of each thin-film transistor can be es- 
pecially constructed in various ways, in the area of its 
channel region and the common gate line. Particular ex- 
amples (such as a thin gate dielectric and narrow chan- 
nel region) are described below. 
[0011] Thin-film field-effect transistors (common 
termed "TFTs") of either the enhancement or depletion 
mode type may be used to provide the gateable links 
which are breakable by high gate bias in accordance 
with the present invention. 

[0012] Gateable link transistors in accordance with 
the present invention may be formed not only at the ends 
of thin-film connection tracks but also between the thin- 
film connection tracks. Either the device manufacturer 
or the customer may apply the high voltage to the com- 
mon gate line to break these gateable links. Accordingly, 
the links may be removed by the device manufacturer 
before sale of the device, or they may be removed by 
the customer who would complete the manufacture of 
the device. 

[0013] Thus, according to claim 9 of the present in- 
vention there is provided an electronic device structure 
having on an insulating substrate a plurality of thin-film 
circuit elements including a group of thin-film connection 
tracks, a group of thin-film transistors on the substrate 
in such an arrangement with the thin-film circuit ele- 
ments that a channel region of a respective transistor 
provides a gateable linkto a respective thin-film trackof 
the group of tracks for connecting that thin-film track in 
a charge leakage path, which leakage path serves for 
protecting the circuit elements against a damaging elec- 
trostatic discharge, the group of transistors being pro- 
vided with a common gate line for applying a gate bias 
voltage to control current flow through the channel re- 
gions of the transistors. 

[0014] In accordance with the present invention such 
a device is characterised in that each thin-film transistor 
of the group is constructed, in the area of its channel 
region and the common gate line, with a thin-film struc- 
ture suitable for rendering the transistor open-circuit by 
evaporation of its channel region by the application of a 
sufficiently high gate bias voltage to the common gate 
line. Examples of such structures are described below 
and also with reference to the drawings. The gateable 



links in the leakage path to all the thin-film tracks of the 
group are broken simultaneously by applying the high 
gate bias voltage to the common gate line, after the leak- 
age path has served for electrostatic discharge protec- 
s tion. As described above, the breaking of the gateable 
links maybe done by either the device manufacturer pri- 
or to sale or by the customer. 

[0015] Preferably a protective over-layer is formed 
over the thin-film circuit elements and thin-film connec- 

10 tion tracks, before applying the high gate bias voltage 
to the common gate line. This protective over-layer 
serves to mask the thin-film circuit elements and thin- 
film connection tracks against any debris from the gate- 
able links when so broken. The protective layer may 

15 have windows which expose the thin-film structure of the 
gateable-link transistors at the area of their channel re- 
gions. These windows may permit the thin-film structure 
of these transistors to be blown away more readily in 
this area by the application of the high gate bias voltage. 

20 However, such windows need not be provided when a 
very high degree of heating results (due to the particular 
thin-film construction adopted) on applying the high gate 
bias. 

[001 6] To enhance the desired breakdown and heat- 
hs ing effects, a variety of thin-film construction features 
may be adopted for the gateable-link transistors in the 
area of their channel regions and the common gate line, 
in addition to (or instead of) constructional features re- 
lating to any protective over-layer. Thus, for example, 
30 the constructional features are preferably designed to 
increase the electric field intensity of the gateable link 
transistor structure with high gate bias, and/orto exploit 
weaknesses occurring in the gate dielectric of the gate- 
able linktransistor structure, and/or to increase the elec- 
ts trical resistance (and hence Joule heating) of the break- 
down current path in and through the channel region to 
the gate line, and/or to reduce the thermal mass which 
is to be heated and evaporated. By these means, high 
current densities and high temperatures can be ob- 
40 tained locally in the gateable link transistor structures 
when the high gate bias is applied. Local heating to very 
high temperatures can occur. As a result, the gateable 
link transistors can be totally evaporated across the 
whole width of their channel regions, at least locally 
45 along the leakage path. 

[0017] The channel region of the transistor may be 
provided by a semiconductor thin-film pattern having a 
width which is narrowed in the vicinity of (or in overlap 
with) the common gate line. By shaping the channel re- 
50 gion in this manner in or near the area of overlap, its 
thermal mass is reduced, and a higher electrical resist- 
ance and higher field concentration can be obtained in 
this area when the high gate bias is applied. Hence a 
more intense local heating effect can occur. Further- 
55 more, there is less channel region material which needs 
to be evaporated to break the gateable link. 
[0018] The thin-film circuit elements of the device may 
include transistors in a device circuit. The transistors of 
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the gateable links may be formed using at least some 
(possibly even all) of the thin-film processing steps 
which are used for forming the transistors in the device 
circuit. Thus, a large number of extra processing steps 
for forming the gateable-link transistors can be avoided. 
[0019] Acommon semiconductorthin film may be pat- 
terned to provide channel regions of the transistors in 
the device circuit and the channel regions of the transis- 
tors of the gateable links. The widths of the channel re- 
gions of the transistors in the device circuit are chosen 
in the normal manner in accordance with the desired cir- 
cuit characteristics for each of these transistors. In most 
cases, these transistors in the device circuit may have 
a channel region which is wider than a narrow channel 
region of the gateable link transistors. This merely in- 
volves modifying the mask layout for forming the chan- 
nel regions of the various transistors, both as regards 
its pattern and dimensions. 

[0020] A gate dielectric of the transistors of the gate- 
able links may be provided by a thin insulating thin-film 
pattern which has a smaller thickness than a thicker in- 
sulating thin-film pattern which provides a gate dielectric 
of the transistors in the device circuit. This thin dielectric 
may be a separately deposited thin film. However, the 
thin dielectric may be formed quite simply by etching so 
as to thin the thicker insulating thin film in the areas of 
the gateable links. The thin gate dielectric of the gatea- 
ble-link transistors permits the breakdown of these tran- 
sistors to occur with the application of a moderately high 
gate bias voltage. The use of etching to thin the insulat- 
ing film may enhance local defects in the film, so facili- 
tating the breakdown. The gate line may be present ei- 
ther above or below the thin gate dielectric. 
[0021] The gateable-link transistors in accordance 
with the present invention may connect the group of the 
thin-film tracks to a peripheral short-circuit track to form 
the leakage path. The thin-film transistors of gateable 
links in accordance with the present invention may be 
interleaved with the thin-film connection tracks in the 
charge leakage path. The common gate line may extend 
transverse to the longitudinal direction of the thin-film 
connection tracks and may be insulated from these 
tracks by an insulating thin-film pattern which has a larg- 
er thickness than an insulating thin-film pattern which 
provides a gate dielectric of the transistors of the gate- 
able links. 

[0022] These and other features in accordance with 
the present invention and their advantages, are illustrat- 
ed specifically in embodiments of the invention now to 
be described, by way of example, with reference to the 
accompany diagrammatic drawings. In these drawings: 

Figure 1 is a plan view of part of an electronic device 
having ESD protection links, and which is shown to- 
wards the final stage of its manufacture by a method 
in accordance with the present invention; 
Figure 2 is a cross-sectional view through specific 
examples of three thin-film structures A, B and C in 
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the device of Figure 1 ; 

Figure 3 is a plan view of an example of the gateable 

link structure A of Figure 2; 

Figures 4 to 6 are cross-sectional views of the struc- 

s tures of Figure 2, at other stages in the manufac- 
ture, of which Figure 6 shows only the structure A 
when the gateable link is blown open-circuit by the 
application of a high gate bias; 
Figures 7 to 9 are plots of the drain-current gate- 

io voltage characteristics (Id.Vg) of typical gateable 
links for ESD protection of devices in accordance 
with the present invention; 
Figure 10 is a plan view of an electronic-device in 
accordance with the present invention, having such 

is gateable links between thin-film connection tracks 
of the device; and 

Figure 11 is a cross-sectional view of an example 
of anotherthin-film structure of a gateable link in ac- 
cordance with the present invention and which may 
20 include layout features similar to those illustrated in 
the plan views of Figures 1 , 3 and 10. 

[0023] It should be noted that all the drawings, except 
the characteristic of Figure 8, are diagrammatic and not 

25 drawn to scale. Relative dimensions and proportions of 
parts of these Figures 1 to 7 and 9 to 11 have been 
shown exaggerated or reduced in size for the sake of 
clarity and convenience in the drawings. The same ref- 
erence signs are generally used to refer to correspond- 
so ing or similar features in the different embodiments. 
[0024] The present invention may be used in the man- 
ufacture of a wide variety of large-area electronics de- 
vices comprising thin-film circuit elements formed on an 
insulating substrate 1 . The device (of which Figure 1 il- 

35 lustrates only a corner part) may be, for example, an 
active matrix liquid crystal display, for example, as in JP- 
A-05-181157. Examples of such a display are disclosed 
in United States patent specification US-A-5, 103,829 
and in published European patent application EP-A-0 

40 601 652. Thus, the substrate 1 may be an inexpensive 
glass providing a back-plane of the display and carrying 
a matrix of pixel switching elements (for example thin- 
film transistors) and associated driving circuitry (also 
comprising thin-film transistors) for the matrix. These 

45 thin-film transistors (TFTs) in the device circuit are des- 
ignated by reference 41 in the Figures. The individual 
circuit elements and connections of the matrix circuit 
and the associated circuitry may be formed in known 
manner, by depositing on the substrate 1 a succession 

so of films of various materials (for example, conductors, 
insulators, semiconductors, semi-insulators). These 
films are processed (for example, by etching and dop- 
ing) to form the various regions and patterns of the thin- 
film transistors and other circuit elements, including their 

55 thin-film connection tracks. Figure 1 does not illustrate 
any circuit configuration of the TFTs 41 in the matrix and 
the associated driving circuitry, because these may be 
in any of a variety of known forms, for example as de- 



7 



EP 0 724 777 B1 



scribed and illustrated in US-A-5, 130,829 and EP-A-0 
601 652. The whole contents of US-A-5, 130,829 and 
EP-A-0 601 652 are hereby incorporated herein as ref- 
erence material. 

[0025] Instead of being an active matrix flat panel dis- 
play, the device of Figure 1 may be designed for a quite 
different function, for example an image sensor having 
a matrix of switching transistors 41 which serve for ad- 
dressing an array of thin-film image sensing elements 
(for example, photodiodes) and which are driven by as- 
sociated TFT circuitry. In another form, the electronic 
device of Figure 1 may be a data store comprising a 
switching matrix of TFTs 41 which serve for addressing 
an array of storage devices, for example thin-film capac- 
itors. 

[0026] The thin-film circuitry on the substrate 1 com- 
prises various groups of th in-film connection tracks. Fig- 
ure 1 illustrates by way of example a group of three con- 
nection tracks 22, 1 3, 1 4 which extend outwards towards 
a periphery 2 of the substrate Una particular example, 
the conductor track 22 may be of a metal such as alu- 
minium, whereas the conductor tracks 1 3,1 4 may com- 
prise highly-doped conductive polycrystalline silicon. 
Near its end towards the periphery 2, the metal track 22 
is expanded to form a contact pad 22a to which an ex- 
ternal wire (or other type of external connection) may be 
bonded. Near their ends towards the perimeter 2, the 
polycrystalline silicon tracks 1 3 and 1 4 may be provided 
with similarly large metal contact pads 23a and 24a to 
which external connections may be bonded. 
[0027] In the absence of an electrostatic charge leak- 
age path provided in accordance with the present inven- 
tion, electrostatic charge may build up and damage the 
thin-film circuit elements. As described in EP-A-0 601 
652, the charge build-up may occur during an ion im- 
plantation stage in the manufacture, for example as il- 
lustrated in the present Figure 5. However, it may occur 
as static electricity during handling of the device. Such 
charge build-up can cause a damaging discharge be- 
tween the conductor patterns 22,13,14, etc, and so it 
can cause a breakdown of parts of the circuit elements, 
for example the gate dielectric film 1 B of the TFTs 41 . 
[0028] In order to avoid damage by electrostatic dis- 
charge (ESD) a group of thin-film transistors 45 are 
formed on the substrate together with the thin-film circuit 
elements (e.g TFTs 41 ) of the device. Each transistor 
45 has a channel region 6 which provides a gateable 
link to a respective thin-film track 22, 1 3, 1 4, for connect- 
ing that track in a charge leakage path, for example to 
a peripheral short-circuit ring 4,25. At some of the ESD 
critical stages in the manufacture (e.g the ion implanta- 
tion stage of Figure 5), the ring 4,25 may be earthed in 
known manner. The group of link transistors 45 have a 
common gate line 7 for controlling the current flow 
through the channel regions 6 of the transistors 45. The 
gate line 7 permits the device circuit to be tested before 
the links 45 are broken. 

[0029] In accordance with the present invention each 



of these link transistors 45 is constructed, in the area of 
its channel region 6 and the common gate line 7, with a 
thin-film structure suitable for rendering the transistor 45 
open-circuit by evaporating the channel region 6. This 

5 final and permanent open-circuit condition is achieved 
by the application of a sufficiently high gate bias Vg2 to 
the common gate line 7. The gateable lines 45 to all the 
thin-film tracks 22,13,14 ... of the group are broken si- 
multaneously by applying the high voltage Vg2 in this 

10 manner. This operation may be carried out by the device 
manufacturer before sale of the device. Alternatively, it 
may be carried out by the customer before assembling 
the device in a system. The common gate line 7 for blow- 
ing the links 45 is independent of other circuit connec- 
ts tions in the device (including being independent of the 
contact pads 22a to 24a, and independent of connec- 
tions and interconnections to the gates 17 of circuit TFTs 
41 of the device). A large contact pad 27a of the gate 
line 7 may be left exposed in the device as sold to the 

20 customer, so as to permit the customer to apply the bias 
Vg2 to the gate line 7 and thereby to blow the links 45. 
[0030] The manufacture of such a device will now be 
described with reference to Figures 2 to 8. In the cross- 
sections of Figures 2, 4 and 5, section A illustrates the 

25 area of a gateable link transistor 45, section B illustrates 
the area of a thin-film transistor 41 in the device circuit, 
and section C illustrates a cross-over between two con- 
ductor tracks 22 and 1 3. A specific example of a gatea- 
ble link transistor 45 which is blowable in accordance 

30 with the present invention is illustrated in the plan view 
of Figure 3 and the cross-sectional view of Figure 6. 
[0031] The TFTs 41 and 45 illustrated in Figures 2 to 
6, are of the so-called "co-planar non-inverted" type. In 
this type of TFT, the gate electrode 7,17 is formed on a 

35 gate-dielectric layer 8,18 on a semiconductor film 3 
which provides the channel regions 6,16 of the TFTs 45 
and 41. The film pattern 3 also comprises source and 
drain regions 4,5,14,15 of the TFTs. Figure 4 illustrates 
an early stage in the manufacture in which the thin-film 

40 structure comprises an insulating film 18 on the semi- 
conductor pattern 3 on the insulating substrate 1 . 
[0032] The semiconductor pattern 3 comprises the in- 
dividual bodies for the TFTs 41 and 45 (e.g see that of 
TFT 45 in Figure 3) and individual connection tracks (e. 

45 g see tracks 1 3,1 4,4 in Figure 1 ). This thin-film semicon- 
ductor pattern 3 may be of, for example, polycrystalline 
silicon. Its thickness may be, for example, about 0.1u.m 
(micrometres). As is illustrated in Figures 1 and 3, the 
semiconductor pattern 3 may have a width which is nar- 

50 rowed in the vicinity of where the common gate line 7 is 
to be provided in each gateable link TFT 45. Thus, al- 
though the semiconductor pattern 3 provides the chan- 
nel regions 6 of the gateable linkTFTs 45 and the chan- 
nel regions 1 6 of the TFTs 41 in the device circuit, the 

55 channel regions 1 6 of the TFTs 41 have a width which 
is wider than a narrow width w of the channel regions 6 
of the TFTs in the gateable links 5. 
[0033] Figure 3 illustrates a progressive narrowing of 
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the semiconductor pattern of TFT 45 from W at its 
source and drain regions 4 and 5 to w at its channel re- 
gion 6. Typical dimensions are, for example, about 5ujti 
for w and about 10um for W. The width of the channel 
regions 1 6 of the device TFTs 41 may be of the same 
order of magnitude as W or wider, the precise dimension 
depending on the current carrying capability of the TFT. 
[0034] The dielectric film 1 B in Figure 4 may be of, for 
example, a silicon oxide. However, other insulating ma- 
terials (e.g silicon nitride) and combinations of materials 
may be used instead. It may be formed on the semicon- 
ductor pattern 3 by a chemical vapour deposition proc- 
ess. The film 18 may typically have a thickness of, for 
example, 0.15pm. The film 18 in this thickness provides 
the gate dielectric for the device TFTs 41 as illustrated 
in section B of Figures 2 to 5. The gate dielectric 8 of 
the gateable link TFTs 45 is provided by a thinner insu- 
lating thin-film pattern 8. In the embodiment illustrated 
in Figure 4, this thinner dielectric film 8 is formed by lo- 
cally etching an area of the dielectric film 1 8. Thus, the 
dielectric film 1 8 is deposited in areas A where the gate- 
able links 45 are to be formed, as well as in areas (such 
as B and C) where the device circuit is to be formed. A 
masking pattern 20 (for example of photoresist) is 
formed on the deposited film 18. The masking pattern 
20 has windows 21 over the areas A where the gateable 
links 45 are being formed. At these windows 21 the di- 
electric film 18 is then etched to the smaller thickness 
required for the gate dielectric 8. For this purpose, the 
masked structure may be immersed in a chemical etch- 
ant solution. The etching time is not as critical as would 
be the case if the treatment were being used to form the 
gate dielectric of a TFT 41 of the device circuit. Thus, 
the thinned gate dielectric 8 is only used subsequently 
in two ways, namely: 

(i) with a low gate voltage Vg1 applied for tempo- 
rarily turning off the TFT 45 when testing the device, 
and 

(ii) with the very high voltage Vg2 applied when 
breaking the TFT link 45. 

[0035] Thus, the thickness of the thinned dielectric 
layer 8 is not critical. In a typical case it may be, for ex- 
ample, about 0.05pm. 

[0036] The masking pattern 20 is removed after the 
etching stage of Figure 4. A further thin-film pattern (for 
example of polycrystalline silicon) is then deposited and 
etched to provide the gate lines 7, 1 7 of the TFTs 41 and 
45. Figure 5 illustrates the resulting structure, at a sub- 
sequent ion-implantation stage in the manufacture. 
Thus, as illustrated in Figure 5, dopant ions 30 may be 
implanted in the semiconductor pattern 3,7,17 to pro- 
vide the highly doped source, drain and gate regions 
4,5,7 of TFTs 45 and 1 4, 1 5, 1 7 of TFTs 41 . The gate pat- 
tern 7,17 masks the underlying channel regions 6,16 in 
known manner against this dopant ion implantation. 
Thus, in this embodiment, the channel regions 6 and 16 



of the TFTs 45 and 41 are of substantially intrinsic con- 
ductivity. 

[0037] A further dielectric film 28 is then provided by 
chemical vapour deposition. This film 28 may also be of 

s a silicon oxide. However, other insulating materials (e.g 
silicon nitride) and combinations of materials may be 
used instead. Atypical thickness for the film 28 is, for 
example, 0.3u.m. A pattern of contact windows is then 
etched through the insulating films 28 and 1 8, for exam- 

10 pie where the source, drain and gate regions 
4,5,7,14,15,17 are to be contacted. A conductive thin- 
film pattern (for example of a metal such as aluminium) 
is now deposited and etched to form interconnections 
such as the circuit track 22 and a peripheral track 25, 

is and contact pads 22a,23a,24a,27a. 

[0038] The electronic device is nowtested with regard 
to satisfactory operation of its circuitry. In order to carry 
out this testing it is necessary to isolate the conductor 
tracks 22,13,14,.... from the short-circuit ring 4,25. This 

20 is carried out by applying a low gate bias voltage Vg1 to 
the common gate line 7 of the gateable link TFTs 45. 
The low voltage Vg1 is around the voltage minimum in 
the transistor characteristic of the TFT 45 as illustrated 
in Figures 7 and B. In this way, the TFTs 45 are turned 

25 off for the circuit testing. If the device circuit fails the 
electrical testing, it may be possible for the device man- 
ufacturer to identify and to repair the cause of the failure. 
[0039] After successfully passing the circuit lest, the 
manufacture of the device of Figures 1 and 2 is com- 

30 pleted by removing the links 45. A protective layer 44 
(for example of a polymer material) is formed over the 

thin-film circuit elements 41 ,22 to mask these circuit 

elements against any debris from the gateable links 45 
when these links 45 are blown. The protective layer 44 

as may have one or more windows 42 (see Figures 1 and 
3) which expose the thin-film structure of the gateable- 
link transistors 45 at the area of their channel regions 6. 
These windows 42 may be formed in the same process 
stage as windows which expose the contact pads 22a, 

40 23a, 24a to permit bonding of external connections in the 
final stage of manufacture or assembly of the device in 
a system. The contact pad windows may merge into a 
common window 42 over the common gate line 7 and 
over peripheral ring 4,25. 

45 [0040] The gateable-link TFTs 45 are now blown by 
the application of the high gate bias Vg2, in accordance 
with the present invention. The bias Vg2 is applied be- 
tween the gate line 7 and the leakage path 6,4,25. Thus, 
the short-circuit track 4,25 may be earthed when the 

50 high voltage pulse Vg2 is applied to the gate line 7. The 
main voltage drop is across the thin dielectric layer 8 
between the gate line 7 and the channel regions 6 of the 
TFTs 45. 

[0041] Figure 6 illustrates how the blowing of TFT 45 
55 js thought to occur. At the very high voltage Vg2, break- 
down of the gate dielectric 8 can easily occur at local 
defects 68 (such as pin holes and damage sites) in the 
dielectric 8. Narrowing of the channel region 6 increases 
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the electrical resistance of the path along which the 
breakdown current flows (shown as an electron flow I, 
from the earthed source 4). Very high current densities 
result from the constriction of the breakdown current I 
at the highly localised defect sites 68 in the dielectric 8. 
The resulting high density current flow I through site 68 
to the gate line 7 and in the narrow channel region 6 of 
the TFT 45 results in excessive heating of the TFT struc- 
ture. For example, temperatures in excess of at least 
1,100"C or 1,200"C may be reached. As a result, va- 
porisation of the TFT structure occurs. The TFT struc- 
ture 45 is blown completely away over a wide area, for 
example over the area of the window 42 in the protective 
layer 44 as illustrated in Figures 2, 3 and 6. 
[0042] By this means, the individual tracks 22, 1 3, 1 4 
etc are isolated from the short-circuit ring, and the de- 
vice can be operated normally with individual signals at 
its contact pads 22a,23a,24a,etc. 
[0043] Figures 7 to 9 illustrate various drain-current 
gate-voltage characteristics (Id, Vg) of gateable link 
transistors 45 useable in accordance with the present 
invention. The characteristics in Figures 7 and 8 are for 
n-channel TFTs in which current flow is by electrons in 
the channel region 6 under the control of the gate 7. Fig- 
ures 2 and 6 illustrate such n-channel TFTs, having n+ 
source and drain regions 4 and 5. In the TFTs of Figures 
2 and 6, the channel region 6 was not deliberately 
doped, e g it is masked when implanting phosphorous 
or arsenic ions 30 in Figure 5. Due to the high density 
of defect states in the semiconductor material of the thin 
film 3, the Femi level is near the middle of the bandgap. 
Thus, the undoped channel region 6 behaves as though 
it has substantially intrinsic conductivity. In practice, de- 
pending on the particular annealing and/or crystallisa- 
tion and/or deposition technology used to provide a 
polycrystalline silicon film 3, it is found that the Femi lev- 
el may be shifted slightly from the centre of the bandgap 
towards the conduction band in most cases, so that the 
undoped polycrystalline silicon channel region 6 may 
have a very low n type conductivity, still with a high im- 
pedance. This situation is illustrated by curves Vll-A in 
Figures 7 and 8. 

[0044] In Figures 7 and 8, the ordinate of the graph is 
the drain current Id which flows through the TFT 45 
when a gate voltage Vg is applied. Figure 8 is a plot 
based on a measured characteristic for a TFT 45 having 
a channel width w of 4um and a channel length of 1 2um 
The applied drain voltage was 5 volts. In Figure 8, Id is 
in amperes, and the abscissa Vg/t is in volts per u.m, of 
which Vg is the gate voltage in volts and t is the thickness 
of the silicon oxide gate dielectric B in urn Thus, -50V. 
UJ-rr 1 on the abscissa of Figure 8 corresponds to a gate 
voltage Vg of -2.5 volts with a gate dielectric thickness 
t of 0.05um With a gate dielectric thickness t of 0.1 5um 
(i.e the unthinned film 1 8 as used for the gate dielectric 
of the circuit TFTs 41 ), the equivalent values are -1 6.7V. 
urn -1 for Vg of -2.5 volts and -50V.u.nr 1 for Vg of -7.5 
volts. The low voltage Vg1 for turning off the TFT 45 (for 



circuit testing) and the very high voltage Vg2 for blowing 
the TFT 45 are now discussed with reference to these 
characteristics of Figures 7 and 8. 
[0045] The magnitude of the voltage Vg1 depends on 

5 the threshold voltage of the TFT 45. The threshold volt- 
age is a function of the thickness of the gate dielectric 
8 and can be changed for a given TFT structure by mod- 
ifying the doping level (if any) in the channel region 6 of 
the TFT. The magnitude of the voltage Vg2 depends in- 
fo ter alia on the thickness of the gate dielectric 8 of the 
TFT 45. In a typical case such as Figure 8, Vg1 may be 
about -2 volts, and Vg2 may be about 50 volts or more 
volts, i.e Vg2 may be one or more orders of magnitude 
higher than Vg1. Vg of 50 volts with a gate dielectric 

is thickness t of 0.05u.m gives an abscissa value of 1 0 3 V. 
unr 1 , which is off the abscissa scale in Figure B. For this 
reason, curve Vll-A of Figure 7 represents the curve of 
Figure 8 in a diagrammatic form also illustrating Vg2 of 
about 50 volts or more. This voltage Vg2 is outside the 

20 normal transistor operation range of the TFT 45 and 
causes instant breakdown of the transistor structure, 
preferably by breakdown of the gats dielectric 8. This 
excessive gate bias Vg2 may be applied as a single 
pulse of constant high voltage, for example for a pulse 

zs duration of the order of milliseconds. To prevent over- 
shoots such as may occur with the abrupt application of 
a stepped 0-50 volt pulse, the voltage may be ramped 
up from 0 volts to 50 volts over a 0. 1 to 0.2 millisecond 
duration and then be held at 50 volts or more for several 

30 milliseconds. Instead of applying a constant voltage 
pulse, a constant current may be applied. 
[0046] Figure 8 and curve Vll-A of Figure 7 illustrate 
the characteristic for a TFT 45 having no deliberate dop- 
ing of its channel region 6. Such a TFT 45 has very little 

35 conductance along its channel region 6 in the absence 
of a significant level of gate bias voltage Vg. Figure 8 
shows an Id of between 10" 11 and 10" 12 amps at Vg=0. 
[0047] Some degree of channel conductance at Vg=0 
is advantageous for ESD protection, because (1) the 

40 rate of charge leakage increases with channel conduct- 
ance and (2) it is generally not desirable to apply a bias 
Vg to the gate line 7 to obtain such conductance during 
the ESD protection stage. However, very little (if any) 
channel conductance through the links 45 is desirable 

45 when testing the device circuit. Therefore, for the circuit 
testing operation it is desirable to operate with the TFT 
links 45 at or near the voltage minimum in Figures 7 and 
8. 

[0048] To turn hard off the specific TFT 45 of Figure 
so 8 a small negative gate voltage Vg1 is required (e.g 
about -2 volts). Alternatively, it is possible to shift the 
voltage minimum in this transistor characteristic closer 
to 0 volts (or even to positive voltages) by changing the 
threshold voltage of the TFT 45. This may be effected 
ss by modifying or charging the gate dielectric 8 (e.g by 
modifying its charge content) or by incorporating an ac- 
ceptor concentration in the channel region 6 (e.g by dop- 
ing the region 6 with boron). Such a shift of the charac- 
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teristic (by boron doping) is illustrated in curve Vll-B of 
Figure 7. In this case, it is not necessary to apply a gate 
bias Vg1 to turn the links 45 hard off during the circuit 
testing. However, at Vg=0 in this Vll-B situation, the 
channel region 6 may have too high an impedance val ue 
to leak away static charge at a sufficiently fast rate in 
some ESD protection situations. 
[0049] Curve Vll-C in Figure 7 illustrates a further 
modification in which a donor concentration (for exam- 
ple, of phosphorous) has been incorporated in the chan- 
nel region 6. The resulting change in gate threshold volt- 
age changes the enhancement TFT 45 of curves Vll-A 
and Vll-B into a depletion TFT 45. As a result of this 
donor doping of the channel region 6, the channel con- 
ductance is of a moderately high level (moderately high 
Id at Vg=0) for ESD leakage. The rate of charge leakage 
is fast for ESD protection with no bias applied to the gate 
7. However, a balance is needed, otherwise too high a 
value of Vg1 C may be required to turn TFT 45 hard off 
during the circuit testing stage. 
[0050] The same bias level Vg2 (e.g about 50 volts or 
more) may be used to blow all these TFTs 45 regardless 
of whether their characteristics are as in curve Vll-A or 
Vll-B or Vll-C. Thus, depending on the ESD environ- 
ment and the device circuit environment, the blowable 
gateable TFT links 45 may be an enhancement TFT 
having a characteristic such as curve Vll-B or a deple- 
tion TFT having a characteristic such as curve Vll-C. For 
many situations an optimum compromise balancing 
ESD leakage rate and gate bias Vg1 for circuit testing 
is that of curve Vll-A, i.ean enhancement TFT 45 having 
some degree of conductance at Vg=0. 
[0051] The thin-film circuitry of liquid-crystal displays 
and other large-area electronics devices is often formed 
of n-channel TFTs 41 . Thus, it is comparatively easy to 
form n-channel TFT links 45 having the characteristics 
of Vll-A, Vll-B and/or Vll-C in such devices. An increas- 
ing proportion of large-area electronics devices nowa- 
days have thin-film circuitry formed of C-MOS (n-chan- 
nel and p-channel) TFTs 41. In C-MOS devices in ac- 
cordance with the invention, the blowable gateable links 
45 may be n-channel TFTs as illustrated in Figures 2, 6, 
7 and 8. Alternatively, the links 45 may be p-channel 
TFTs for which sample characteristics are illustrated in 
Figure 9. In this case, the source and drain regions 4 
and 5 of the TFT 45 are p-type conductivity (e.g with a 
boron doping). Characteristic IX-A is for such a p-chan- 
nel TFT 45 whose polycrystalline silicon channel region 
6 is not deliberately doped i.e region 6 has very light n- 
type conductance but is substantially intrinsic. Charac- 
teristic IX-B is for such a TFT 45 having boron doping 
in its channel region to shift its gate threshold voltage 
so as to locate the voltage minimum at about Vg=0. 
Curve IX-C illustrates the situation for such a p-channel 
TFT having donor (e.g phosphorous) doping in its chan- 
nel region 6. 

[0052] Although it is advantageous to provide one or 
more windows 42 in the protective layer 44, the appli- 



cants find that by appropriate design of the thin-film 
structure of the TFT 45 to'give extremely high field in- 
tensities and heating intensities, such very high temper- 
atures can be obtained that the TFT structure 45 will va- 

s porise together with any overlying area of the protective 
layer 44, at least when layer 44 is of a polymer material. 
[0053] In the device structure of Figure 1 , the gateable 
link TFTs 45 were provided between the ends of con- 
nection tracks 1 3, 1 4,22,.. .. and a peripheral short-circuit 

io ring 4,25. The peripheral ring may comprise a metal 
track 25 on a semiconductor track 4. However, the pe- 
ripheral ring may consist solely of a metal track 25 or 
solely of a highly doped semiconductor track. Gateable 
link TFTs 45 blowable in accordance with the present 

15 invention may also be incorporated at other locations in 
the thin-film circuitry of the electronic device. 
[0054] Figure 10 illustrates such a modification, in 
which the TFTs 45 are interleaved with the thin-film con- 
nection tracks 33,34,35,36. The tracks 33 to 36 may be 

20 of, for example, doped polycrystalline silicon. Other 
tracks (such as metal tracks 37, 3B) may form cross- 
overs with these tracks 33 to 36. The thin-film structure 
at the areas C and C of Figure 1 0 may be similar to that 
of section C of Figure 2. Thus, a thick insulating layer 

25 provided by two films 18 and 28 may be present be- 
tween the overlying conductor 37,38 and the underlying 
conductor tracks 33to36. In the arrangement illustrated 
in Figure 10, the common gate line for the blowable TFTs 
45 comprises the track 38 and individual gates 7. This 

30 common track 38 contacts the individual gates 7 of the 
TFTs 45 at windows in the insulating film 28. The thin- 
film structure of the TFTs 45 in Figure 10 may be similar 
to that shown in section A in Figure 2. Thus, the gate 
dielectric 8 of these TFTs 45 may be thinner than the 

35 gate dielectric 18 of the device circuit TFTs 41. The 
channel region 6 of the TFTs 45 may be narrowed in the 
vicinity of their gates 7, as illustrated in Figure 1 0. A pro- 
tective layer 44 may be provided over the device struc- 
ture of Figure 10. This protective layer 44 may have one 

40 or more windows 42 over the area of the gateable link 
TFTs 45. 

[0055] Figures 2 to 6 illustrate co-planar non-inverted 
TFT structures. However, the TFTs 41 and 45 may be 
of the inverted type having their gate electrodes 7 and 

45 17 and gate dielectrics B and 18 sandwiched between 
the substrate 1 and the semiconductor film 3. Further- 
more, the source and drain electrodes 4,5,14,15 of the 
TFTs 41 and 45 need not be co-planar with the channel 
region 6 and 16. Thus, these source and drain regions 

50 may be formed by highly doped semiconductorfilms de- 
posited on (or below) the intrinsic semiconductor film 3 
which provides the channel regions 6 and 16. 
[0056] Figure 11 illustrates such a modification of the 
gateable link TFT 45. This TFT 45 is of the so-called 

55 "inverted staggered" type. Its channel region 6 is located 
over its gate 7 and gate dielectric 8. When a high gate 
bias voltage Vg2 is applied to its gate 7, at least the up- 
per part of the TFT (including its channel region 6) evap- 



15 epo; 

orates to form an open-circuit in the charge-leakage 
path 6,4,25. 

[0057] As described above, the semiconductor film 
from which the channel regions 6 are formed may be of 
polycrystalline silicon which often has a light n type con- 
ductance without deliberate doping. However, the de- 
vice circuitry in some large-area devices in accordance 
with the present invention may comprise TFTs 41 and/ 
or thin-film diodes comprising amorphous silicon. The 
blowable gateable link TFTs 45 provided in accordance 
with the present invention may comprise channel re- 
gions 6 formed from an amorphous silicon film. 
[0058] It has been stated above that the drawings il- 
lustrate examples of embodiments of the invention and, 
in order to avoid any misunderstanding, it is hereby fur- 
ther stated that, in the following claims, where technical 
features mentioned in any claim are followed by refer- 
ence signs relating to features in the drawings and 
placed between parentheses, these reference signs 
have been included in accordance with Rule 29(7) EPC 
for the sole purpose of facilitating comprehension of the 
claim, by reference to an example. 



Claims 

1. A method of manufacturing an electronic device 
having on an insulating substrate (1) a plurality of 
thin-film circuit elements (41) including a group of 
thin-film connection tracks (22, 1 3, 1 4), which meth- 
od includes forming a group of thin-film transistors 
(45) on the substrate (1 ) in such an arrangement 
with the thin-film circuit elements (41 ) that a channel 
region (6) of a respective transistor (45) provides a 
gateable link to a respective thin-film track of the 
group of tracks (22, 13, 14) for connecting that thin- 
film track in a leakage path, which leakage path 
serves for protecting the circuit elements (41) 
against a damaging electrostatic discharge, the 
group of transistors (45) being provided with a com- 
mon gate line (7) for applying a gate bias voltage 
(Vg) to control current flow through the channel re- 
gions (6) of the transistors (45), which method is 
characterised in that, after the leakage path has 
served for electrostatic discharge protection, the 
gateable links (45) in the leakage path to all the thin- 
film tracks of the group (22, 13, 14) are broken si- 
multaneously by applying a sufficiently high gate bi- 
as (Vg2) to the common gate line (7) to break the 
links by evaporating at least the channel regions (6) 
of the transistors (45). 

2. A method as claimed in Claim 1 , further character- 
ised in that the channel region (6) of the transistor 
is provided by a semiconductor thin film pattern (3) 
having a width (w) which is narrowed in the vicinity 
of the common gate line (7). 
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3. A method as claimed in Claim 1 or Claim 2, further 
characterised in that the thin-film circuit elements 
(41 ) of the device include transistors in a device cir- 
cuit, and the transistors (45) of the gateable links 

s are formed using at least some of the thin-film 
processing steps which are used for forming the 
transistors (41 ) in the device circuit. 

4. A method as claimed Claim 3, further characterised 
10 in that a gate dielectric (8) of the transistors (45) of 

the gateable links is provided by a thin insulating 
thin-film pattern (8) which has a smaller thickness 
than a thicker insulating thin-film pattern (1 8) which 
provides a gate dielectric of the transistors (41) in 
is the device circuit. 

5. A method as claimed in Claim 4, further character- 
ised in that the gate dielectrics (18, 8) for transistors 
(41 , 45) in the device circuit and in the gateable links 

20 are formed by steps which include: depositing an 
insulating film (18) where the device circuit and 
gateable links are to be formed; forming on the de- 
posited insulating film a masking pattern (20) hav- 
ing windows (21 ) over where the gateable links are 

25 being formed; and etching the deposited insulating 
film (18) to the smaller thickness at the windows 
(21). 

6. A method as claimed in any one of Claims 3 to 5, 
30 further characterised in that channel regions (1 6, 6) 

of transistors (41 , 45) in the device circuit and in the 
gateable links are formed from a common semicon- 
ductor thin-film pattern (3) in which the channel re- 
gions (1 6) of the transistors (41 ) in the device circuit 
35 are given a width (W) which is wider than a narrow 
width (w) of the channel regions (6) of the transis- 
tors (45) in the gateable links. 

7. A method as claimed in any one of the preceding 
40 claims, further characterised in that, before apply- 
ing the high gate bias (Vg2) to the common gate line 
(7), a protective layer (44) is formed over the thin- 
film circuit elements (41) and thin-film connection 
tracks (22, 13, 14) to mask the thin-film circuit ele- 

45 ments (41 ) and thin-film connection tracks (22, 1 3, 
14) against any debris from gateable links (45) 
when so broken, the protective layer (44) having 
windows (42) which expose the thin-film structure 
of the gateable-link transistors (45) at the area of 

50 their channel regions (6). 

8. A method as claimed in any one of the preceding 
Claims, further characterised in that the thin-film 
transistors (45) of the gateable links are interleaved 

55 with the thin-film connection tracks (33, 34, 35, 36) 
to form the leakage path extending transverse to the 
longitudinal direction of the thin-film connection 
tracks (33, 34, 35, 36), and in that the common gate 
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line (7) extends transverse to the longitudinal direc- 
tion of the thin-film connection tracks (33, 34, 35, 
36) and is insulated from these thin-film connection 
tracks by an insulating thin-film pattern (18, 28) 
which has a larger thickness than an insulating thin- 
film pattern which provides a gate dielectric (8) of 
the transistors (45) of the gateable links. 

An electronic device structure having on an insulat- 
ing substrate (1) a plurality of thin-film circuit ele- 
ments (41 ) including a group of thin-film connection 
tracks (22,13,14), a group of thin-film transistors 
(45) on the substrate (1 ) in such an arrangement 
with the thin-film circuit elements (41 ) that a channel 
region (6) of a respective transistor (45) provides a 
gateable link to a respective thin-film track of the 
group of tracks (22,13,14) for connecting that thin- 
film track in a charge leakage path, which leakage 
path serves for protecting the circuit elements (41 ) 
against a damaging electrostatic discharge, the 
group of transistors (45) having a common gate line 
(7) for applying a gate bias voltage (Vg) to control 
current flow through the channel regions (6) of the 
transistors (45), which device structure is charac- 
terised in that each thin-film transistor (45) of the 
group is constructed, in the area of its channel re- 
gion (6) and the common gate line (7), with a thin- 
film structure suitable for rendering the transistor 
(45) open-circuit by evaporation of its channel re- 
gion (6) by the application of a sufficiently high gate 
bias (Vg2) to the common gate line (7), wherein the 
said thin-film structure comprises one of the follow- 
ing features (i) to (iii): 

(i) a gate dielectric (8) for the transistors (45) of 
the gateable links, which has a smaller thick- 
ness than a thicker insulating thin-film pattern 
(18) which provides a gate dielectric of other 
transistors (41 ) in a circuit of the device; or 

(ii) a semiconductor thin film pattern (3) provid- 
ing the channel region (6) and having a width 
(w) which is narrowed in the vicinity of the com- 
mon gate line (7); or 

(iii) windows (42) in a protective layer (44) 
which is present over the thin-film circuit ele- 
ments (41 ) and thin-film connection tracks (22, 
1 3, 1 4), wherein the windows (42) expose the 
thin-film structure of the transistors (45) at the 
area of their channel regions (6), and the pro- 
tective layer (44) serves to mask the thin-film 
circuit elements (41) and thin-film connection 
tracks (22,1 3, 1 4) against any debris from gate- 
able links (45) when so broken. 



richtung, die auf einem isolierenden Substrat (1) ei- 
ne Anzahl DQnnfilmschaltungselemente (41), ein- 
schlieBlich einerGruppe von Dunnfilmverbindungs- 
spuren (22, 1 3, 14), aufweist, wobei dieses Verfah- 
ren die nachfolgenden Verfahrensschritte umfasst: 
das Bilden einer Gruppe von Dunnfilmtransistoren 
(45) auf dem Substrat (1) in einem solchen Zusam- 
menhang mit den Dunnfilmschaltungselementen 
(41), dass ein Kanalgebiet (6) eines betreffenden 
Transistors (45) eine steuerbare Verbindung mit ei- 
ner betreffenden Dunnfilmspur der Gruppe von 
Spuren (22, 13, 14) schafft zur Verbindung dieser 
Dunnfilmspur in einer Ladungsleckstrecke, wobei 
diese Leckstrecke dazu dient, die Schaltungsele- 
mente (41) vor einer zerstorenden elektrostati- 
schen Entladung zu schutzen, wobei die Gruppe 
von Transistoren (45) mit einer gemeinsamen Steu- 
erleitung (7) versehen ist urn eine Steuervorspan- 
nung (Vg)zuzufuhrenzurSteuerungdes Stromflus- 
ses durch die Kanalgebiete (6) der Transistoren 
(45), wobei dieses Verfahren das Kennzeichen auf- 
weist, dass die steuerbaren Verbindungen (45) in 
der Leckstrecke zu alien Dunnfilmspuren der Grup- 
pe (22, 13, 14) gleichzeitig unterbrochen werden 
durch Zufuhrung einer ausreichend hohen Steuer- 
vorspannung (Vg2) zu der gemeinsamen Steuerlei- 
tung (7) zum Unterbrechen der Verbindungen durch 
Verdampfung wenigstens der Kanalgebiete (6) der 
Transistoren (45), nachdem die Leckstrecke zum 
elektrostatischen Entladungsschutz wirksam gewe- 



Verfahren nach Anspruch 1, weiterhin dadurch ge- 
kennzeichnet, dass das Kanalgebiet (6) des Tran- 
sistors durch ein Halbleiterdunnfilmmuster (3) mit 
einer Breite (w), die in der Nahe der gemeinsamen 
Gate-Leitung (7) verengt ist. 

Verfahren nach Anspruch 1 oder 2, weiterhin da- 
durch gekennzeichnet, dass die DQnnfilmschal- 
tungselemente (41 ) der Anordnung Transistoren in 
einer Schaltungsanordnung aufweist, und dass die 
Transistoren (45) der steuerbaren Verbindungen 
unterAnwendung wenigstens einigerderDunnfilm- 
verfahrensschritte gebildet werden, die zum Bilden 
der Transistoren (41) in der Schaltungsanordnung 
verwendet werden. 

Verfahren nach Anspruch 3, weiterhin dadurch ge- 
kennzeichnet, dass ein Gate-Dielektrikum (8) der 
Transistoren (45) der steuerbaren Verbindungen 
durch ein dunnes isolierendes Dunnfilmmuster (8) 
vorgesehen wird, das eine geringere Dikke hat als 
ein dickeres isolierendes Dunnfilmmuster (18), das 
ein Gate-Dielektrikum der Transistoren (41) der 
Schaltungsanordnung schafft. 



Patentanspruche 

1 . Verfahren zum Herstellen einer elektronischen Ein- 5. Verfahren nach Anspruch 4, weiterhin dadurch ge- 



10 



19 EP 0 724 777 B1 20 



kennzeichnet, dass das Gate-Dielektrikum (18, B) 
fur die Transistoren (41, 51) in der Schaltungsan- 
ordnung und in den steuerbaren Verbindungen 
durch Verfahrensschritte gebildet werden, die Fol- 
gendes umfassen: das Ablagern eines isolierenden 
Films (18), wobei die Schaltungsanordnung und die 
steuerbaren Verbindungen gebildet werden mus- 
sen; das Bilden eines maskierenden Musters (20) 
mit Fensters (21) auf dem abgelagerten isolieren- 
den Film, wobei durch die Fenster die steuerbaren 
Verbindungen gebildet werden; und das Atzen des 
abgelagerten isolierenden Films (18) zu einer ge- 
ringeren Dicke bei den Fenstern (21). 

6. Verfahren nach einem der Anspruche 3 bis 5, wei- 
terhin dadurch gekennzeichnet, dass Kanalgebiete 
(16, 6) von Transistoren (41 , 45) in der Schaltungs- 
anordnung und in den steuerbaren Verbindungen 
aus einem gemeinsamen Halbleiterdunnfilmmuster 
(3) gebildet werden, wobei die Kanal gebiete (16) 
der Transistoren (41 ) in der Schaltungsanordnung 
eine Breite (W) erhalten, die groGer ist als eine enge 
Breite (w) der Kanalgebiete (6) der Transistoren 
(45) in den Steuerbaren Verbindungen. 

7. Verfahren nach Anspruch einem der vorstehenden 
Anspruche, werterhin dadurch gekennzeichnet, 
dass vor der Zufuhrung einer hohen Gate-Vorspan- 
nung (Vg2) zu der gemeinsamen Gate-Leitung (7) 
eine Schutzschicht (44) uber die Dunnfilmschla- 
tungselemente (41 ) und die Dunnfilmverbindungs- 
spuren (22,13,14) gebildet werden zum Maskieren 
der Dunnfilmschaltungselemente (41) und der 
Dunnfilmverbindungsspuren (22,13,14) gegen Re- 
ste von steuerbaren Verbindungen (45), wenn auf 
diese Weise unterbrochen, wobei die Schutzschicht 
(44) Fenster (42) aufweist, welche die Dunnfilm- 
struktur der steuerbaren Transistoren (45) im Be- 
reich deren Kanalgebiete (6) zeigen. 

8. Verfahren nach einem der vorstehenden Anspru- 
che, weiterhin dadurch gekennzeichnet, dass die 
Dunnfilmtransistoren (45) in den steuerbaren Ver- 
bindungen mit den Dunnfilmverbindungsspuren 
(33, 34, 35, 36) verschachtelt sind zum Bilden der 
Leckstrecke, die sich quer zu der Langsrichtung der 
Dunnfilmverbindungsspuren (33, 34, 35, 36) er- 
streckt und dass die gemeinsame Gate-Leitung (7) 
sich quer zu der Langsrichtung der Dunnfilmverbin- 
dungsspuren (33, 34, 35, 36) erstreckt und gegen- 
uber diesen Dunnfilmverbindungsspuren isoliert ist 
durch ein isolierendes Dunnfilmmuster (1 8, 28), das 
eine groBere Dicke hat als ein isolierendes Dunn- 
filmMuster, das ein Gate-Dielektrikum (8) der Tran- 
sistoren (45) der steuerbaren Verbindungen 
schafft. 

9. Elektronische Schaltungsstruktur mit auf einem iso- 



lierenden Substrat (1) einer Anzahl Dunnfilmschal- 
tungselemente (41) mit einer Gruppe von Dunnfilm- 
verbindungsspuren (22, 13, 14), einer Gruppe von 
Dunnfilmtransistoren (45) auf dem Substrat (1) in 
s einer derartigen Gliederung mit den Dunnfilmschal- 
tungselementen (41), dass ein Kanalgebiet (6) ei- 
nes betreffenden Transistors (45) eine steuerbare 
Verbindung mit einer betreffenden Dunnfilmspur 
der Gruppe von Spuren (22, 13, 14) schafft zum 
10 Verbinden dieser Dunnfilmspur in einer Ladungs- 
leckstrecke, die dient zum Schutzen der Schal- 
tungselemente (41 ) vor einer zerstorenden elektro- 
statischen Entladung, wobei die Gruppe von Tran- 
sistoren (45) eine gemeinsame Gate-Leitung (7) 
hat zum Zufuhren einer Gate-Vorspannung (Vg) 
zum Steuern des Stromflusses durch die Kanalge- 
biete (6) der Transistoren (45), wobei diese Schal- 
tungsstruktur dadurch gekennzeichnet ist, dass je- 
des Dunnfilmtransistor (45) der Gruppe in dem Be- 
reich des Kanalgebietes (6) und der gemeinsamen 
Gate-Leitung (7) mit einer Dunnfilmstruktur verse- 
hen ist, dazu geeignet urn den Transistor (45) 
durch Verdampfung des Kanal gebietes (6) durch 
Zufuhrung einer ausreichend hohen Gate-Vorspan- 
nung (Vg2) zu der gemeinsamen Gate-Leitung (7) 
in den leitenden Zustand zu halten, wobei die ge- 
nannte Dunnfilmstruktur eines der nachfolgenden 
Merkmale (i) bis (iii) aufweist: 

(i) ein steuerbares Dielektrikum (B) fur die Tran- 
sistoren (45) der steuerbaren Verbindungen, 
wobei dieses Dielektrikum eine geringere Dik- 
ke hat als ein dickeres isolierendes Dunnfilm- 
muster (1 8), das ein Gate-Dielektrikum anderer 
Transistoren (41) in einer Schaltungsanord- 
nung der Einrichtung bildet; oder 

(ii) ein Halbleiterdunnfilmmuster (3), welches 
das Kanalgebiet (6) schafft und eine Breite (w) 
hat, die in der Nahe der gemeinsamen Gate- 
Leitung (7) verengt worden ist, oder 

(iii) Fenster (42) in einer Schutzschicht (44), die 
uber die Dunnfilmschaltungselemente (41 ) und 
die Dunnfilmverbindungsspuren (22, 13, 14) 
vorgesehen ist, wobei die Fenster (42) die 
Dunnfilmstruktur der Transistoren (45) in dem 
Bereich deren Kanalgebiete (6) zeigen und wo- 
bei die Schutzschicht (44) zum Maskieren der 
Dunnfilmschaltungselemente (41) und der 
Dunnfilmverbindungsspuren (22, 13, 14) ge- 
gen Reste der steuerbaren Verbindung (45), 
wenn die auf diese Weise unterbrochen wor- 
den sind. 



1. Procede de fabrication d'un dispositif electronique 
comprenant sur un substrat isolant (1 ) une plurality 
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d'elements de circuits a couches minces (41) in- 
cluant un groupe de pistes de connexion a couches 
minces (22, 13, 14), lequel procede inclut la forma- 
tion d'un groupe de transistors a couches minces 
(45) sur le substrat (1 ) avec une disposition telle par s 
rapport aux elements de circuit a couches minces 
(41) qu'une region de canal (6) d'un transistor (45) 
respectif fournit une liaison activable vers une piste 
a couches minces respective du groupe de pistes 
(22, 13, 14) pour connecter cette piste a couches 10 
minces a un chemin de fuite de charges, lequel che- 
min de fuite de charges sert a proteger les elements 
de circuit (41) contre une decharge electrostatique 
dommageable, le groupe de transistors (45) etant 
foumi avec une grille commune (7) pour appliquer '5 
une tension de polarisation de grille (Vg) afin de 
commander la circulation du courant a travers les 
regions de canal (6) des transistors (45), lequel pro- 
cede est caracterise en ce que, apres que le chemin 
de fuite ait servi a la protection contre les decharges 20 
electrostatiques, les liaisons activables (45) dans le 
chemin de fuite vers toutes les pistes a couches 
minces du groupe (22, 13, 14) sont brisees simul- 
tanement par application d'une tension suffisam- 
ment elevee (Vg2) de polarisation de grille a la ligne 25 
commune de grille (7) pour briser les liaisons en 
evaporant au moins les regions de canal (6) des 
transistors (45). 

Procede suivant la revendication 1 , caracterise en 30 
outre en ce que la region de canal (6) du transistor 
est fournie par un motif de semi-conducteur a cou- 
ches minces (3) ayant une largeur (w) qui se retrecit 
a proximite de la ligne de grille commune (7). 

35 

Procede suivant la revendication 1 ou 2, caracterise 
en outre en ce que les elements de circuit a couches 
minces (41) du dispositif incluent des transistors 
dans un circuit de dispositif et les transistors (45) 
des liaisons activables sont formes en utilisant au 40 
moins certaines des etapes de fabrication de cou- 
ches minces qui sont utilisees pour former les tran- 
sistors (41) dans le circuit de dispositif. 

Procede suivant la revendication 1, caracterise en 45 
outre en ce qu'un dielectrique de grille (8) des tran- 
sistors (45) des liaisons activables est fourni par un 
motif a couches minces (8) isolant qui a une epais- 
seur moindre qu'un motif a couches minces (18) 
isolant plus epais qui fournit un dielectrique de grille so 
des transistors (41) dans le circuit de dispositif. 

Procede suivant la revendication 4, caractense en 
outre en ce que les dielectriques de grille (18, 8) 
pour les transistors (41, 45) dans le circuit de dis- 55 
positif et dans les liaisons activables sont formes 
par des etapes qui incluent: le depot d'une couche 
isolante (18) la ou le circuit de dispositif et les 
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liaisons activables doivent etre formes, la formation 
sur la couche isolante deposee d'un motif de mas- 
quage (20) ayant des fenetres (21 ) aux endroits ou 
les liaisons activables doivent etre formees, et at- 
taquerchimiquement la couche isolante (18) depo- 
see pour obtenir I'epaisseur moindre a I'endroit des 
fenetres (21). 

6. Procede suivant I'une quelconque des revendica- 
tions 3 a 5, caracterise en outre en ce que les re- 
gions de canal (16,6) des transistors (41 , 45) dans 
le circuit de dispositif et dans les liaisons activables 
sont formees a partir d'un motif a semi-conducteur 
a couches minces (3) commun dans lequel les re- 
gions de canal (16) des transistors (41 ) dans le cir- 
cuit de dispositif ont une largeur (W) qui est supe- 
rieure a la largeur (w) etroite des regions de canal 
(6) des transistors (45) dans les liaisons activables. 

7. Procede suivant I'une quelconque des revendica- 
tions precedentes, caracterise en outre en ce que, 
avant d'appliquer la polarisation elevee de grille 
(Vg2) a la ligne de grille commune (7), une couche 
de protection (44) est formee sur les elements de 
circuit a couches minces (41) et les pistes de con- 
nexion a couches minces (22, 13, 14) afin de mas- 
quer les elements de circuit a couches minces (41) 
et les pistes de connexion a couches minces (22, 
13, 14) contre tous debris des liaisons activables 
(45) lorsqu'elles sont ainsi disloquees, la couche de 
protection (44) ayant des fenetres (42) qui exposent 
la structure a couches minces des transistors (45) 
de liaisons activables dans la zone de leurs regions 
de canal (6). 

8. Procede suivant I'une quelconque des revendica- 
tions precedentes, caracterise en outre en ce que 
les transistors a couches minces (45) des liaisons 
activables sont entrelaces avec les pistes de con- 
nexion a couches minces (33, 34, 35, 36) pour for- 
mer le chemin de fuite s'etendant transversalement 
a la direction longitudinale des pistes de connexion 
a couches minces (33, 34, 35, 36) et en ce que la 
ligne de grille commune (7) s'etend transversale- 
ment a la direction longitudinale des pistes de con- 
nexion a couches minces (33, 34, 35, 36) et est iso- 
lee de ces pistes de connexion a couches minces 
par un motif a couches minces isolant (18, 28), qui 
a une plus grande largeur qu'un motif a couches 
minces isolant qui fournit un dielectrique de grille 
(8) des transistors (45) des liaisons activables. 

9. Structure de dispositif electronique ayant sur un 
substrat isolant (1) une pluralite d'elements de cir- 
cuits a couches minces (41) incluant un groupe de 
pistes de connexion a couches minces (22, 13, 14), 
un groupe de pistes de connexion a couches min- 
ces, un groupe de transistors a couches minces 
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(45) sur le substrat (1 ) avec une disposition telle par 
rapport aux elements de circuit a couches minces 
(41) qu'une region de canal (6) d'un transistor (45) 
respectif fournit une liaison activable vers une piste 
a couches minces respective du groupe de pistes s 
(22, 13, 14) pour connecter cette piste a couches 
minces a un chemin de fuite de charges, lequel che- 
min de fuite de charges sert a proteger les elements 
de circuit (41) contre une decharge electrostatique 
dommageable, le groupe de transistors (45) ayant io 
une grille commune (7) pour appliquer une tension 
de polarisation de grille (Vg) afin de commander la 
circulation du courant atravers les regions de canal 
(6) des transistors (45), laquelle structure de dispo- 
sitif est caracterisee en ce que chaque transistor a 15 
couches minces (45) du groupe est construit, dans 
la zone de sa region de canal (6) et de la ligne de 
grille commune (7), avec une structure a couches 
minces convenant pour rendre le transistor (45) blo- 
quant par evaporation de sa region de canal (6) par 20 
application d'une tension de polarisation de grille 
suffisamment elevee (Vg2) a la ligne de grille com- 
mune (7), dans laquelle ladite structure a couches 
minces comprend une des caracteristiques suivan- 
tes (i) a (iii): 25 

(i) un dielectrique de grille (8) pour les transis- 
tors (45) des liaisons activables qui a une 
epaisseur moindre qu'un motif dielectrique a 
couches minces (1 8) isolant plus epais qui four- 30 
nit un dielectrique de grille a d'autres transistors 
(41) dans un circuit du dispositif; 

(ii) un motif semi-conducteur a couches minces 
(3) procurant la region de canal (6) et ayant une 
largeur (w) qui est retrecie a proximite de la li- 35 
gne de grille commune (7) ou 

(iii) des fenetres (42) dans une couche de pro- 
tection (44) qui est presente sur les elements 
de circuit a couches minces (41) et les pistes 

de connexion a couches minces (22, 13, 14), 40 
dans laquelle les fenetres (42) exposent la 
structure acouches minces des transistors (45) 
dans la zone de leurs regions de canal (6) et la 
couche de protection (44) sert a masquer les 
elements de circuit a couches minces (41) et 45 
les pistes de connexion a couches minces (22, 
13, 14) contre tous debris des liaisons activa- 
bles lors de leur dislocation. 
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